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ABSTRACT 


"  ‘An  electromagnetic  f  lowawtar  was  developed  to 
aaasura  traasiant  flows  with  a  frequency  rasponsa  of 
AO  Hz .  Tha  approach  takan  was  to  develop  suitable 
alactronics  to  raplaea  tha  alactronics  of  a 
commercially  aval  lab  la  electromagnetic  flownatar 
normally  usad  for  ataadyjstata  oparation.  Usa  of  tha 
commercially  avai labia  flowmatar  body,  which  lncludaa 
tha  magnetic  coils,  cora.  and  signal  alactrodas, 
providad  a  ralativaly  aconomical  moans  of  fabricating 
tha  transient  flowmatar.  A  transient  flow  calibration 
facility  consisting  of  a  f  reef  falling  watar  column  was 
also  dasignad  and  built.  Result*  of  tha  calibrations 
ara  presented  and  show  that  tha  flowmatar  can 
accurataly  aaasura  transient  flows  up  to  tha  — — 
obaarvad  acceleration  of  approximately  1  g. 


Somme  lath  rx 


Cross-sectional  araa  ' 

Magnetic  flux  density 
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Cross-sectional  avaraga  fluid  velocity 
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fluid  weight  density 
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INTRODUCTION 

In  tha  study  of  transient  pipe  flows,  a  need 
exists  for  tha  accurata  measurement  of  tha  mean 
volumetric  flow  rata  as  a  function  of  time.  To  data, 
vary  few  flowmeters  have  bean  built  that  have  tha 
capability  to  aaasura  transient  flows.  In  addition, 
to  tha  authors*  knowledge,  there  are  no  coMercislly 
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available  flowmeters  that  can  measure  transient  flow 
rates  with  a  substantial  frequency  response. 

A  few  special-purpose  meters  have  been  developed 
aver  tha  past  25  years  that  have  had  soma  transient 
flow  measurement  capabilities.  In  1950,  Arnold  (1) 
described  an  electromagnetic  flowmeter  for  small  flow 
rotas  that  responded  to  very  short  transients  of  0.001 
second  In  duration.  Since  a  circular  cross  section 
proved  unsatisfactory  for  tha  design,  a  small 
rectangular  cross  section  of  0.48  x  1.58  cm  was 
chosen.  In  19A0,  Iwanicki  and  Fontaine  (£)  described 
an  electromagnetic  flowmeter,  which  was  also  designed 
to  respond  to  very  short  transients  of  low  flow 
rates.  The  meter,  with  a  1.2-cm  diameter,  could  not 
be  operated  for  more  than  a  few  seconds  due  te 
polarisation  of  the  flowing  liquid  at  the  signal 
electrodes.  In  each  of  the  references,  it  was  shown 
that  tha  maters  responded  to  large  flow  transients. 
Unfortunately,  the  facilltiea  used  to  validate  mater 
performance  could  not  provide  information  on  tha 
accuracy  of  the  flowmeter  output. 

To  fulfill  the  need  for  accurate  transient  flow 
aoasurmsnt  during  future  experimental  studies,  the 
■aval  Underwater  Systems  Center  (HU  SC)  developed  the 
transient  flowmeter  discussed  herein.  This 
slactromsgnatlc-type  meter  has  tha  capability  to 
accurately  measure  transient  flows  with  a  frequency 
rasponsa  to  *0  Hz .  The  mater  has  a  S-cm  diameter  and 
can  bo  used  for  steady-state  flows  and  transient  flows 
of  either  short  or  long  duration.  It  also  can  operate 
accurataly  over  a  30:1  flow  rate  range.  To  evaluate 
tha  flowmeter's  accuracy,  a  transient  calibration 
facility  was  designed  by  8USC  and  the  Worcester 
Polytechnic  Institute  (WPI)  and  fabricated  et  WPI. 

FLOWMKTBI  DESCRIPTION 

tlectromagnetie  technology  was  chosen  as  the 
basis  for  the  transient  flowmeter  because  of  inherent 
fast  response  to  transients  and  tha  general  insensi¬ 
tivity  of  electromagnetic  flowmeters  to  changes  in 
velocity  profile. 
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An  I W  personal  co^uttr  with  •  Oat*  Translation* 
analog-to-digital  data  acquisition  board  was  uaod  to 
detect  th*  trigger  pul***  by  sampling  tha  analog 
output  of  th*  oloctronie*  at  a  rata  of  S000  Ns.  At 
that  rata,  tha  tins  that  tha  water  surface  passed  each 
of  tha  optical  sensor  pairs  was  known  to  within 
to. 0002  second. 

Th*  affactlv*  distance  between  optical  sensor 
pairs  was  established  by  draining  tha  water  at  a  vary 
slow  rat*  and  weighing  th*  amount  of  wator  collected 
between  trigger  pulses.  Th*  weight  was  converted  lata 
an  effective  distance  between  optical  sensor  pair* 
based  on  s  constant  S-ca  internal  pipe  disaster,  as 
shown  in  gq.  (3) 

L  -  U/Ue).  (3) 


idler*  #  is  the  weight  density  of  the  watsr,  A  is  tha 
cross-sectional  are*  based  on  a  S-ca  disaster,  and  U 
is  the  weight  of  tha  water  between  optical  sanaor 
pairs.  This  aethod  accounted  for  variations  In 
vertical  distance  batwaen  optical  sanaor  pairs  and 
also  variations  in  disaster  along  th*  pipe. 

Following  each  calibration  me,  post-processing 
software  scanned  th*  raw  data  file  and  created  a  file 
of  th*  tins  at  which  each  optical  sensor  pair  was 
triggered.  Velocity,  based  on  a  S-ca  disaster,  was 
subsequently  calculated  froa  th*  tins  and  affective 
distance  values  between  optical  pairs. 

During  a  calibration,  th*  analog  output  froa  the 
transient  fl piaster  was  saapled  sUailtaneously  with 
th*  facility  electronics  at  the  5000-Hs  saapling 
rat*.  Since  the  output  of  th*  flowsater  was  updated 
at  a  rat*  of  *0  Ha,  post-processing  software  scanned 
th*  raw  data  file  and  established  th*  tins  correspond¬ 
ing  to  th*  updated  flowaeter  output  to  within 
20-0003  second.  Por  each  of  these  update  tlaas,  tha 
corresponding  calibration  velocity  was  calculated  froa 
tha  calibration  velocity  versus  tiae  data  file  by 
linearly  Interpolating  between  adjacent  points.  A 
comparison  of  th*  calibration  velocity  and  th* 
flowsater  velocity  was  then  sad*. 

RESULTS 

Prior  to  conducting  any  of  th*  transient 
calibrations,  a  steady-state  calibration  of  th*  aster 
was  conducted  at  th*  Aldan  Research  Laboratory's 
Flowsater  Calibration  Facility,  Holden,  HA.  This 
calibration  was  performed  by  using  th*  graviaetrle 
aethod  and  is  considered  accurate  to  20 . 251.  The 
calibration  was  conducted  over  a  velocity  rang*  of 
0. IS  to  9.1  a/sec  in  th*  S-cm  dlaaster  flowwetor.  The 
corresponding  Reynolds  nuaber  rang*  was  7100  to 
173,000. 

Tha  steady-state  calibration  curve  is  shown  in 
Pig.  1.  Th*  curve  is  presented  as  percent  orror  froa 
actual  velocity  when  flowaeter  velocity  is  calculated 
with  a  constant  aster  factor  (R).  As  shown,  accuracy 
(linearity)  was  within  11.7%  over  th*  coaplato  flow 
rang*  and  within  20 . 5%  over  th*  40,000  to  37S.OOO 
Reynolds  nuaber  range,  which  Is  a  substantial  portion 
of  the  total  rang*. 


TWalv*  transient  calibration  runs  wars  conducted. 
Sven  though  each  run  was  initiated  by  aanually  opening 
the  valve  at  th*  bottom  of  th*  facility,  th*  velocity 
versus  ties  curve  was  fairly  cons is t on t  between  runs. 


REYNOLDS  NUMBER 

Pig.  1.  Steady-State  Calibration  Curve 

Results  for  a  representative  run  are  shown  in  the 
flow  rat*  versus  time  curve  of  Fig.  4.  Th*  run  lasted 
approximately  1  second.  Prom  0.0  to  approximately  0.4 
second,  th*  flow  experienced  an  almost  constant 
acceleration  of  approximately  1  g,  reaching  a  velocity 
of  S  m/sec.  beyond  0.4  second,  th*  free  surface  of 
the  water  eoluan  experienced  considerable  instability 
precluding  any  accurate  measuresmnts .  Th*  flowmeter, 
however,  appears  to  have  followed  the  water  eoluan 
velocity  throughout  th*  transient.  All  further 
discussions  are  limited  to  th*  0.0-second  to  0.4- 
second  rang*  of  each  run,  which  corresponds  to  the 
first  24  data  points  from  th*  flowmeter. 
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fig.  4.  Typical  Transient  Calibration  Curve 


Results  for  all  13  of  th*  calibration  runs  *r* 
presented  in  table  1.  Naan  error  between  th* 
calibration  facility  and  flowmeter  measured  flow  rates 
and  standard  deviation  ars  presented  separately  for 
each  run  and  also  for  th*  total  of  all  data  points. 

As  shown,  the  absolute  value  of  th*  mean  error  ranged 
from  0.94A  to  1.170,  while  the  standard  deviation 
ranged  from  1.7g  to  3.33.  Th*  mean  error  for  all  th* 
data  points  was  -0.041  with  a  standard  deviation  of 
2. 37.  Using  th*  results  from  th*  total  of  all  data 
points,  th*  expected  difference  <22e  or  93%  level) 
betweon  facility  flowmeter  measurements  is  25.7%. 


(12a  or  9St  lovol)  between  facility  flounatar 
—our— a  to  lo  15.21. 


Ttkit  1.  Calibration  Sunnary 
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1.74 
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2. BE 
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0.352 

1.44 
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0.S07 

3.33 

11 

-1.314 

2.34 

12 

-1.191 

2 .  gg 

Lvoraao  for  all  tuna: 

-0.0*1 _ 

2.57 

Impact  ion  of  tha  tranaiont  calibration  curvoa 
(aiailar  to  Pig.  4)  for  aach  run  ahowed  that  tha 
flowneter  output  exhibited  a  enooth  tranaltlon 
throughout  tha  tranaiont;  however,  tha  aaaaurad  valuoa 
fron  tha  facility  fluetuatad  about  tha  flounatar  eurva 
within  approainataly  151.  It  ia  believed  that  tha 
accuracy  of  tha  facility  ia  approainataly  151,  whila 
tha  flounatar  accuracy  during  a  tranaiont  run  ia 
approainataly  equal  to  tha  ateedy-atata  accuracy 
atatad  pravioualy. 


CQKUISIOM 

da  elactronagnatic  flounatar  haa  baan  developed 
that  can  aceurataly  naaaura  tranaiant  flow  rataa  up  to 
at  laaat  1-g  ac  coloration  (naxiaun  too  tod)  with  a 
frequency  raaponaa  to  40  Ha.  4  calibration  facility 
uaing  a  free-falling  coluan  of  water  haa  baan  ahowa  to 
be  a  viable  aaaaa  of  evaluating  tranaiont  flounatar 
performance  up  to  1  g. 


Support  for  thia  project  waa  provided  through  tha 
Independent  loaeareh  Prog ran  at  tha  Haval  Underwater 
Syatena  Canter,  gewport,  El. 
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